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1. This international preliminary examination report has been prepared by this Intemational Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 5 sheets. Including this cover sheet. 

This report is also accompanied by ANNEXES, I.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the POT). 

These annexes consist of a total of 3 sheets. 



3. This report contains indications relating to the following items: 
I ^ Basis of the report 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 



1 




II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 




VIII 


El 



Certain observations on the international application 
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Fax: +49 89 2399 - 4465 
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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: . 

1 -3,6,8-28 as originally filed 

4,5,7 " as received on " 19/02/2001 with letter of 12/01/2001 

Claims, No.: 

1 -25 as originally filed 
Drawings, sheets: 

1/23-23/23 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation fumished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application In written form. 

□ filed together with the international application in computer readable forni. 

□ fumished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the intemational application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 
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□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyondthe disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional obsen/ations. if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 25 

No: Claims 1-24 

Inventive step (IS) Yes: Claims 

No: Claims 25 

Industrial applicability (lA) Yes: Claims 1-25 

No: Claims 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



Vlil. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item V 

1. Prior Art 

The following documents are referred to in this report: 

D1: WO 92 15002 A cited fn the international search report 
D2: EP 0 300 833 A1 cited in D1 ; a copy is appended hereto 

2. Technical Field 

The invention relates to a differential pressure gauge for a fluid filter. 

3. Article 33(1 ),(2) PCT (Lack of Novelty) 

1 . For the following reasons, claims 1-24 are not new: 

2. Document D1 discloses an apparatus and method for measuring differential pressure 
in a fluid filter D1 discloses a housing defining a pressure chamber divided into a first 
and a second chamber, both filled with fluid, between which the differential pressure 
is measured by a differential pressure gauge. A sensor outputs a variable signal 
indicative of at least two predetermined differential pressures. D1 further discloses 
the gauge to include a piston with a magnet moving according to the differential 
pressure and a Hall-effect sensor for detecting the changing magnetic field as the 
piston with the magnet moves from one position to another. The Hall-effect sensor 
thus outputs a variable signal correlating to the value of the differential pressure 
between the first and second chambers. D1 particularly discloses three different 
output signals (abstract; fig. 3; p.2,l.23-p.4,l.8; p.5,l.17-p.6,l.33; p.7,L9-12; p.7,L22- 
p.8,1.5; claims 1-3). 

3. Also D2 discloses all the features of claims 1-24. Unlike D1 , D2 does not mention a 
Hall-effect sensor outputting three distinct output signals, but rather a Hall-effect 
sensor providing, in a continuous manner, an output signal related to the location of 
the magnet. This output signal corresponds to the differential pressure (abstract; 
c.2,1,30-44; figs. 1-4 and their related parts of the description). 

4. Article 33(1 ),(3) PCT (Lack of Inventive Step) 

Claim 25 does not involve an inventive step, because replacing a part, for instance 
when circumstances obstruct further functioning of an existing part, is common 
practice and well-known to the skilled man. 
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5. Article 33(1 ),(4) PCT (Industrial Applicability) 

Beyond any doubt, the invention is industrially applicable. 

Re Item VII 

1 . The relevant background art disclosed in the documents D1 and D2 is not mentioned 
in the description, and the documents are not Identified therein (Rule 5.1(a)(ii) PCT). 

2. The independent claims are not in the two-part form (Rule 6.3(b) PCT). 

3. The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

4. The units of employed on pages 7, 8, 9, 12, 15, 17, 18 and 20 (inch, gallon and psid) 
are not additionally expressed in terms of the units stipulated by Rule 10.1(a) PCT. 

Re Item VIII 

1. Article 6 PCT (Lack of Conciseness) 

The two definitions of the invention given in independent claims 1 and 10 appear 
to relate effectively to the same subject-matter and to differ from each other only with 
regard to the definition of the subject-matter for which protection is sought. Therefore 
the claims as a whole are not concise. 

2. Article 6 PCT (Lack of Clarity) 

1 . The claims 5, 6 and 7 mention "the variable output". However, these claims depend 
on claim 3, which, in combination with the claims to which it refers, does not define 
a variable output. Consequently, it is unclear which Variable output is meant in claims 
5, 6 and 7. 

2. The features in the apparatus claims 5, 6 and 7 define the character of the output 
and are thus only defined when the apparatus is being used, i.e. a limitation of the 
apparatus claims to the manner in which the device is used. Contrary to the re- 
quirements of Article 6 PCT, the wording of the claims thus leaves doubt as to their 
category (PCT Guidelines III-4.1). 
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INTERNATIONAL SEARCH REPORT 

(PCT Article 1 8 and Rules 43 and 44) 



Applicant's or agent's file reference 

758.1012W0I1 


FOR FURTHER ®®® Notification of Transmittai of International Search Report 
• (Form PCT/ISA/220) as well as, where applicable, item 5 below. 

ACTION 


International application No. 

PCT/US 00/ 19466 


International filing date (day/month/year) 

14/07/2000 


(Earliest) Priority Date (day/month/year) 

19/07/1999 


Applicant 

DONALDSON COMPANY, INC. et al . 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 1 8. A copy is being transmitted to the International Bureau. \ 

This International Search Report consists of a total of 2 sheets. 

Pn It is also accompanied by a copy of each prior art document cited in this report. 



1 . Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless othenvise indicated under this item. 

I I the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1 (b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 

I I contained in the international application in written form. 

filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readble form. 



□ 
□ 
□ 
□ 

□ 

□ 
□ 



the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 

Certain claims were found unsearchable (See Box I). 
Unity of Invention Is tacking (see Box II). 



With regard to the title, 

Pn the text is approved as submitted by the applicant. 

I I the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

[X] the text is approved as submitted by the applicant. 

I I the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 
' — ' within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is Figure No, 3 



I I as suggested by the applicant. Q None of the figures. 

\T\ because the applicant failed to suggest a figure. 

I I because this figure tetter characterizes the invention. 
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International Application No 

PCT/US 00/19466 



A. CLASSIFICATION OF^SUBJECT MATTER , 

IPC 7 G01L9/00 G01L9/14 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 GOIL 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electir»nic data base consulted during the international search (name of data base and. where practical, search terms used) 

EPO-Internal 



C. DOCUMENTS CO»^ERED TO BE RELEVAMT 



Category ' 



Cita^n of document, with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



wo 92 15002 A (FINN FILTER OY) 
3 September 1992 (1992-09-03) 
the whole document 



1-25 



□ 



Further documents are listed in the continuation of box C. 



El 



Patent family members are listed in annex. 



° Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the intemational 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to estafc>lish the putjiication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the intemational filing date but 
later than the priority date claimed 



T" later document published after the intemational filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination toeing obvious to a person skilled 
in the art. 

"&" document member of the same patent family 



Date of the actual completion of the intemational search 



26 October 2000 



Date of mailing of the intemational search report 



07/11/2000 



Name and mailing address of tiie ISA 

European Patent Office. P.B. 5818 Patentiaan 2 
NL - 2280 HV Rljswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 eponl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Nobrega,R, 
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Publication 
date 



WO 9215002 



03-09-1992 



FX 
DE 
DE 
EP 
FI 



910694 A 
69214832 D 
69214832 T 
0610191 A 

933558 A 



14-08-1992 
28-11-1996 
27-02-1997 
17-08-1994 
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EXAMINATION REPORT 

(POT Rule 71.1) 



Oateof maUing 
(day/month/year) 



04.10.2001 



Applicant's or agent's file reference 
758.1 01 2WOI1 


IMPORTANT NOTIFICATTON 


International application No. 
PCTAJSOO/19466 


International filing date (day/month/year) 
14/07/2000 


Priority date (day/month/year) 
19/07/1999 


Applicant 

DONALDSON COMPANY, INC. et al. 



1. The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminary examination report and its annexes, if any, established on the intemattonal application. 

2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication 
to all the elected Offices. 

3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of the 
report (but not of any annexes) and will transmit such translation to those Offices. 

4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article 
39(1)) (see also the reminder sent by the International Bureau with Form PCT/lB/301). 



Where a translation of the intemational application must be fumished to an elected Office, that translation must 
contain a translation of any annexes to the intemational preliminary examination report. It is the applicant's 
responsibility to prepare and furnish such translation directly to each elected Office concerned. 



For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the 
PCT Applicant's Guide. 



Name and mailing address of the IPEA/ 


Authorized officer 




^_ European Patent Office 

ijiV D-80298 Munich 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: 449 89 2399 - 4465 


Marnell, J 

Tel.449 892399-2557 
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Figure 12 shows an altenuitivc embodimait of die filter head and pressuKv 
difTctencial gauge sbown m Figure 9. 

Figune 13 jAows a top elevaiianal vievk of the dim:7eniial pressure tgaujjc 
housmg illustrated in Fig. 12. 
5 FigHre 14 is a cross-sectional view of the pressure dlfTcrential gauge housbg 

shown in Figufc 13. taken along line 14>14. 

Pignra 15 Is a cross-sectioaal view of the difTerattial pressnre gauge housing 
sho«Mi in Fiflun: 13. lakea along tine 15^15. 

Flgme 16 is m altexnativB mbodimem of tbe fllta-head and pressufe 
iO difSerantial ijauge sbown in Figacc 9. 

FiiSi^ 1? Ulustnttes a teliaiondiip bctiMMh a nu 
Figuieie. 

FigiifB 1 S illusaraies one circuit tfial can be connected to iJie senjKire ilta 
in Figures 6, JO, and 17. 

15 I'ieute 19 illustrates one cinsuit that can process signals^ 

nsnsois iUustiaied in Mgures 6, 10. and 17. 

Figuivs 20a and 2flb iltnslrale look up tabks stored on a micracnntroller 
sbfliwn hi Figui« 19. 

Mguro 2 1» 2 1 f is a IW chart IHujacraUng «v«a»ti<ms of a i^ 
20 »wilitte«bredinanexccwablebj.themiciocoiitnillerahislratedhjrigw 

Pctalfad PeserimkMi 
Pn&rred embodiments of the present invention be described in detail 
with lefbcncc to the drcuings, wherein like reference muncnib teprescfU like parts 
25 and assemblies ibroughnat the sex-erat views. This description does not limit the 
scope of the invention. A^ch i$ limited on|>- by the sccpe of the attached danns. 

Referring *«> Figure I, an application for Ae filter assemblies 1 00 described 
herein are to remove fhreign maicr from hydraulic iluid that is used in vehicles such 
as tractore 102. An example of such a tractor has a hydrostatic transmission and a 
30 h>iliau!ic system, both of u-hich requite a fUter. Such a hydraulic svTilcm can be used 
ftir a yaii6t>- of purpate« including raising and lowering firnn 



SUBSTITUTE SHEET (RULE 9) 



wo 01/06221 



5 



PCTAJSOO/19466 



implements such as plot's. A hydraulic system can also be used to raise and lowcfl- earth 
moving eqinpmenl such as blades^ buckets, back hoes, scraps. Additionally, the filter 
assetxibly 100 can be used mth tractors that have a variety of engine sizes and pump 
sizes. 

5 There are man>' oihcr aj^lications for the filters and difiercntia} pressure gauges 

that are described herein. For sxample. such fihers and difTerentiul pressure gauges can 
be used for other farm equipment^ construction equipment^ slddders^ loaders, other off- 
load vehiclea, heavy-diii\' highway trucks, automolnlcs, and other vehicles, indostiiat 
machines requixuig fag^draultc filtering* and aU Ofdicr eqiupmenl or mechanical devices 

10 dial lequuc the filtcxing of fluids. Additionally^ the filfieis described herein can be used 
to remove foreign maicr from a variety oCdiQecent fluids. Examples of liquid fhiids 
include other hydraulic fluid:*, en^nc lube oiL diesc) foeU gasoline, engine coolant, 
automatic transnufssion fluid, and any oQier ty pes of fluid. The fihcr can also be used 
vvidi gaseous fluids such as air and exhaust 

15 Figimss 2-4 tllustiate a filter assembly, generally shown as 106, that has a 

ditfeienlial presstire gauge assembly 1 OS having ai perpendicular sensor arrangemcnl as 
described beh>w. More partlcaiax^% the fiher assembly 106 includes a filter 1 10 and a 
fiher head 112. Hie fitter head 112 is formed fiomanon-fcrraus materia] and fbcms a 
substantially fiiat mounting surface 1 14 and two bolt holes 1 16. Aluminum is one 

20 example of smdb a maieiiaL In alternative emhodiraents, the filto- faend 1 12 can be 
formed with other matma: including ferrous materials. 

The filler bead 1 1 2 also defines an input passage 1 18 and an output passage 120. 
A pressure-relief vah-c 122 is positioned bt:twecn the input passage 1)8 and the output 
passage 120. The prcsstire-relief valw 122 opens v^ien the pressure uf fluid in the ii^nit 

25 passage 118 rcacbesa prcdctennincd level and provides fluid corrununlcation directly 
between Ae tiqnitand the ou^ passages 1 18 and 120. 

A valve housing 1 24 defines a passageway and is positioned mthin the mouth 
126 of the ou^ut passage 120. A portion of &e valve housing 124 extends downward 
from the output passage ! 20. A one-way^ anti*drdn valve 127 is positioned in a passage 

30 1 28 defined in the valx'e housing 124 and prevents fluid from 
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housing 1 52 can include a drain plug (not shown) for drBiniag fluid fram the filter 
iiouatQg 1S2 before if is deusch^ from the filter head J 12. 

in one embodiment, thrt filter element 160 is tubular in shape and has a lower 
edge l£2proxiiDaltothccio5iedcndofthc filter housing 152 and an iqipcrcnd 164 that is 
proximal to the filter head 112. Other filter and fitter elements can be used in 
conjunction with a prcs5;ure dlflercnlial gauge. For example, the pressure differential 
gauge dcscnbed herein can be used %\itb filter elements that have a shapes and geometry' 
other than tubular .AopcS- 

The upper end 1 64 of the tubular filter dement 160 circumscribes the vahe 
bousing 124. An o-ring 166 creates a »al ben^^eeo the upper end 164 of the filter element 
160 and the valve housing 124. Additionally, a gasket 168 creates a seal between die 
lower edge 162 of the filter element 160 and the Wl 170 of the fUter housmg 1 52. In 
this configuration» the filter ciement 160 divides the filter 1 10 into outer and inner 
chambers 172 and 174. and rluid flows; through the hapm passage 1 IK, into the outer 
chamber 1 72, through the filter element 160« into the inner chamber 1 74, through the 
one-way valve 127, and thrcugh the ou^stxt passage 120. 

The tubular fUlcr element 1 60 can have a variety of sizes and dimensions. Kor 
cxanqale, one possible range of diameters for the filter element 1 60 is from about 2 inches 
to about 40 inches. A possible range of heights for the filter element 160 is from about 2 
indies to about 40 inches. -A pos^le raxse of fluid flowc^ciQ^ for the fihcr element 
l6DisJhmiaboiit0sallonsperminutetoabout2S0gaUon5pcrmin^^^ Houwer^thc 
pncsae dimensions and fluid O&w capacity for a filter element 1 60 will vaiy greatly fmm 
application to qyplication. In a typical cicample such as the tractor discussed above, for 
cxami^, flie filter element 160 is about 4,75 inches in diameter, is about 1 1 inches tall, 
and has a fluid flow rate from aboui 0 to about 45 gallons per minute. 

The piston 132 is formed from a magnet 176 positioned within a slce>*c 178 and is 
siaed to slide along the length of the pressure chamber 130. but stil) maintain a seal 
between the higb-prcssurc portion 134 and the low-pressure portion 1 36. In one 
embodiment, the magncr ) 76 is cylindrical and has a ccnlcriipc that is co-linear with the 
centeriine of the upper fluid or pressure chamber 130. In this embodiment, the magnetic 
field generated by die magnet 176 is symmetrical around the 
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(57) Abstract: An apparatus for measuring tfae differendai pressure of fluid in Glter, 
The ^q>aiatus coii^>rises a housing defining a isessure chamber. A differ^itial ptes- 
sure gauge divides tfae i»iessure chamber into first and second fhiid chambm. Ibe 
differential pressure gauge is arranged to measure a differential pressure between 
fluid in ^ first chamber and fluid in die second chamber. The differential pressure 
gauge has a variable output. 
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DIFFERENTIAL PRESSURE GAUGE FOR FILTER 
Technical Field 

The present invention relates to filters, and more particularly, to a differential 
pressure gauge for filters. 
5 Background 

Filters are conunonly used in many different applications to ensure that a 
liquid meets a certain standard of purity or cleanliness. In one example, fluids such 
as gasoline and hydraulic fluid is filtered to ensure that there are no particles in the 
fluid that might damage an engine or a pump. In another example, gas such as an 

10 exhaust is filtered to mininuze the pollution generated by an engine. The 

applications in which such filters are used are endless and include automobiles, 
tractors, farm equipment, construction equipment, and machinery. 

In a typical application, fluid flows through a filter, which removes foreign 
matter or particles fix)m the fluid. These filtered particles accumulate in the filter 

15 element. As these particles accumulate, the filter element becomes plugged or 
clogged and loses its effectiveness. As result, the amount of foreign matter in the 
fluid that escapes through the filter will increase to a dangerous level and may 
damage the equipment that uses the fluid or may allow an unacceptable level of 
contaminates to escape into the atmosphere. 

20 In the past, one structure that has been used to monitor the effectiveness of 

the filter is a pressure differential switch. Such a switch monitors the fluid pressure 
on both sides of the filter element. As the filter element becomes plugged, the 
pressure differential across the filter increases. Accordingly, the pressure differential 
switch is calibrated to close when the pressure differential rises above a 

25 predetemiined level. The switch can then cause some event to occur such as 
activating a warning alarm or a warning light. One example of such a pressure 
differential switch is disclosed in United States Patent 4,480,160, which is entitled 
Differential Pressure Switch and issued on October 30, 1984, the disclosure of which 
is hereby incorporated by reference. 

30 One difficulty with these preexisting pressure differential switches is that 

they typically have only a single ou^ut. They are either opened or closed, and their 
state or output changes only when the pressure differential across the filter element 
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crosses single predetermined threshold value. As a result, the preexisting pressure 
switches can provide only limited information. For example, they cannot provide 
both a warning signal that indicates a filter element is at the lower limits of 
acceptable performance and also a warning signal that indicates when the filter has 
5 failed. Thus the switch must be set to either provide an operator with a warning 
signal that the filter is reaching is failure point or a warning that the filter has 
actually failed. In the first scenario, the operator does not have any warning that the 
filter has failed. In the second scenario, the operator does not have warning the filter 
is reaching its limit of acc^table perfomiance and thus does not have any warning 

1 0 to perform preventative maintenance until after the filter actually fails and exposes 
equipment to damage. 

Another difficulty is that the output or warning signal of typical pressure 
differential switches for filters is mechanical. The switch merely provides a visual 
indicator for an operator when it is tripped. The filter does not provide electronic 

15 accumulation of information, which can be used for a variety of usefial purposes. 
For example, such information would enable a computer to control operation of the 
equipment utilizing the filter and prevent damage if a filter fails. In another 
example, such information could be used to monitor filter maintenance for warranty 
purposes. 

20 Summary 

The current disclosure provides techniques that can be applied to a pressure 
differential sensor that has a variable output. In other words, the sensor output 
includes one or more signals that convey information regarding a pressure 
differential measurement across a filter element. The output can be commimicated 

25 to a variety of devices such as visual indicators or a computer. 

One aspect of the present invention is directed to an apparatus for measuring 
the differential pressiu-e of fluid in filter. The apparatus comprises a housing 
defining a pressure chamber. A differential pressure gauge divides the pressure 
chamber into first and second chambers. The differential pressure gauge is arranged 

30 to measure a differential pressure between the first chamber and the second chamber. 
The differential pressure gauge has a variable output. 
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Another aspect of the present invention is also directed to an apparatus for 
measuring the differential pressure of fluid in filter. The apparatus comprises a 
housing defining a pressure chamber. A gauge member divides the chamber into 
first and second chambers. A sensor has an electrical output, the sensor is arranged 
5 to detect the gauge member and output an electric signal in response to detection of 
the gauge member. 

Yet another aspect of the present invention is directed to a method of 
measuring differential pressure in a filter head. The method comprises inputting 
fluid into first and second chambers; creating the differential fluid pressure between 
10 the fluid in the first chamber and fluid in the second chamber; and ou^uting a 

variable output in response to creation of the differential fluid pressure, the variable 
output indicative of at least two predetermined differential pressures. 

Description of the Drawings 
Figure 1 illustrates an operating environment for a filter assembly embodying 
1 5 the present invention. 

Figure 2 is a partially exploded perspective view of a filter assembly 
embodying the present invention. 

Figure 3 is a cross-sectional view taken along line 3-3 of Figure 2. 
Figure 4 is a partial cross-sectional view taken along line 4-4 of Figure 2. 
20 Figure 5 illustrates the output of one type of sensor that can be used with the 

present invention. 

Figure 6 illustrates one magnet and sensor arrangement that can be used with 
the present invention. 

Figure 7 illustrates one circuit having warning lights that can be used with 
25 the present invention. 

Figure 8 illustrates an alternative embodiment of the filter assembly shown in 
Figure 2. 

Figure 9 is a cross-sectional view of an alternative embodiment of the filter 
head and pressing differential gauge shown in assembly shown in Figure 2. 
30 Figure 10 shows the relationship between a magnet and sensor included 

within the filter assembly embodiment shown in Figure 9. 

Figure 1 1 shows the output signal of the sensor shown in Figure 10. 

3 
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Figure 12 shows an alternative embodiment of die filter head ami pressui^ 
difTcrential gauge shown m Figuie 9. 

Figime 13 shows a top eievadcmal viev^ orche Aflfcreniial pressure gauge 
housms illmiiated in Fig. {2. 
5 Figyie 14 is a cross-sectional view of the pressure diflereotial gauge housing 

shown in Pignre 13, taken along line 14-14. 

P%80ra 15 is a cross-sccdonal view of the difTerential pressure gauge housing 
; shown hi Figure 13* lakra along tine 15^15. 

Figure 16 Isan alternative embodimenr of the Alter head and pressure 
10 dffiRBiential gauge shown frs Ffgoic 9. 

Fijpr^re 17 illustmtes a relaiiondiip betwceh a magnet and a sensor ilhistrated in 
Figure 16. 

Figure 1 S illasirates one circuit thai can be comKclcd to the scn!W^ 
in Figures 6/ 10, and 17. 

15 19 illustrates one cfejuit that can process si 

«nsars lUustnited in Ilgures 6, 10, and 17. 

Figun^s 20a and 20b ilhistrale look up tabtes stored on a microcrmttoller 
shown In Figure 19. 

hlgures 2 1 a. 2 1 f is a now chart illustraliiig opera 
20 routine stored in an executable by the mfcrocontoller illusCrated te Figuie 19. 

Petafted DescriPtiofi 
Pm&rred embodiments of the present invcaition will be described in detail 
with rcieience lo the drawings, ulimin like reference numerals represent like parts 
25 and assemblies ihroughnut the se\-eral views. This description does not limit the 
scope of the inventior. which is limited onl>- by the scope of die attached chiims. 

Refcrrii^ to Figure I, an appltcatiim for the filter assemblies 1 00 described 
herein are to remove fhnrign maicr from hydraulic fluid that is used in vehicles such 
as tracioni 102. An example of such a tractor has a hydrostatic transmission and a 
30 h>ilraulic s^rsteni: both of u*hich require a filter. Such a hydraulic s\stc«i can be used 
for a yariet>- of purposes including caisnig and lowering farm 
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iznplcmcnts such as plot's. A hydraulic SN'stcm can also be used to raise and lower eai^ 
znovitt£[ equipment such as blades, buckets, back hoes, scrqiers. AdiUtionally, (he filter 
assembly 100 cm be used with tractors (hat have a variety of engine sizes and pump 
sizes. 

5 "nxeic are niBii>' other applications for the iiiteis and differential pressure gauges 

that am described hen^. For sxaoiple^siichflhins and differential pcessonsga 
be used for other farm equrpmcnt^ constnietion equipment, sldddcrs, loaders, odier ofT- 
ioad vehicles, hea>y-din>' highway trucks, automobiles, and cittier vehicles, industrial 
ioac;hincs requixir^ hydraulic filtering, and al) odicr eqiupmeni or mechanical devices 

10 that icquue Ifae Stcxingcaf fluids. Addilionally« the filters described herein can be used 
to mnove fcirdgn maicr from a variety of diOerenl fluids. Examples of liquid fluids 
include ofiier hydraulic fluid*^ engine lube oiL dieseJ fuel, gasoline, engine coolant, 
automatic transsmission flind. and any other q pes of fluid. The filter can also be used 
widi gaseous flinds sudi as air and exhaust 

15 Figures 2-4 ilhistraie a filler assembly, generally s^wn as 106, that has a 

differential pressure gauge assembly I Og ha\-ing a peipendicular sensor arrangemcnl as 
described bdow. Mem; parcicuiarfy\ the filter assembly 106 includes a Jilter 110 and a 
filter head 1 12. The fitter head 1 1 2 is formed fiom a non-ferrous materia] and fbmis a 
substantially flat mounting surface 1 1 4 and two bolt holes 1 16« Alummum is one 

20 example of such a rrmierial. In alternative emhodiraents, the filter hettd 1 1 2 can be 
formed with other xnatnia; including ferrous nuiterials. 

Hic filter head 112 also defines an Input passage 1 18 and an output passive 120. 
A ptcssure-relief vah-c 122 is positioned between fhe mptn passage 118 and the output 
passage 1 20. The pressure-relief vahie 122 opcru; when the pressure uf fluid in the ii^ut 

25 passage 118 reachesa predetermined level and provides fluid commtmication directly 
betweoitftieixqnJi and the oifCput passages 118 and 120« 

A valve housdng 124 defines a pasageway and is positioned mthin the mouth 
126 of ^ ou^ot passage 120. A portion of the valve housing 124 extends downward 
from the output passage 120. A one-way, anti*<irain valve 127 is positioned in a passage 

30 128 defined in the val\*e housing 124 and prevents fluid from 
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flowing backwards into the filter 1 10. If the filter 1 10 is detached from the filter 
head 1 12, the one-way valve 127 prevents fluid from passing onto the ground. 

The filter head 1 12 also defines an upper fluid chamber 130 that fimctions as 
a pressure chamber and is generally cylindrical in shape, although other shapes and 
5 configurations for the upper fluid chamber 130 are possible. A piston 132 is 
positioned in the upper fluid chamber 130 and divides the chamber into a high- 
pressure portion 134 and a low-pressure portion 136. 

The upper fluid or pressure chamber 130 is generally cylindrical and has first 
and second ends 138 and 140. The first end 138 is at the high-pressure portion 134, 

10 and the second end 140 is at the low-pressure portion 136. The lengths of die high- 
pressure portion 136 and low-pressure portions 136 will change as the piston 132 
moves along the length of the pressure chamber 130. The second end 140 is open, 
and is sealed with a threaded plug 142 and o-ring 144. 

The diameter of the pressure chamber 130 slightly increases proximal the 

15 second end 140, The portion of pressure chamber 130 with the increased diameter 
forms a fluid receiving area 146. A first passage 148 provides fluid communication 
between the input passage 118 and the high-pressure portion 134 of the pressure 
chamber 130. A second passage 1 50 provides fluid communication between the 
ou^ut passage 120 and the low-pressure portion 136 of the pressure chamber 130. 

20 In one embodiment, the outlet of the first passage 1 48 is as close as possible to the 
first end 138 of the pressure chamber 130. Similarly, the outlet of the second 
passage 150 is as close to the plug 142 as possible and opened into the fluid 
receiving area 146 of the pressure chamber 130. This configuration maximizes the 
piston's 132 range of motion. 

25 The filter head 112 described herein is only one possible embodiment that 

can incorporate a differential pressure gauge. The filter head 1 12 can include any 
other stmcture that provides fluid flow through a filter element. 

The filter 110 includes a filter housing 152 that has a closed end 154 and an 
open end 156. The open end 156 is attached to the filter head 1 12. An o-ring 158 

30 creates a seal between the filter housing 1 52 and the filter head 1 12. A filter element 
160 is positioned within the filter housing 152. In one embodiment, the filter 
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housing 1S2 can include a drairi plug (not shown) for draining fluid from the (iltcr 
housing 1S2 befoK it is deuich^ horn the filter head J 12. 

In one embodimeni; tbn filler element 1 60 is tubular in shape and has a low^ 
edige 162 proximal to tte clo5ied end of ihc filter housing 152 and an iqipcr end 164 that is 
proximal to the filter head 1 12. Other filter and filter elements can be used m 
coiyunction with a pressure difTerenlial gauge. For exai^Ie, the pressure differcnlial 
gauge described herein can be used with filter elements that have a shapes and geometT>' 
other than tubular shapes. 

The upper end 1 64 of the tubular filter element 160 circumscribes the vah-e 
bousmg 124. An oaring 166 creates a «al bem^een the iqiper end 164 of the filter element 
1 60 and the valve housing 124. Additionally, a gasket 168 creates a seal between ttie 
lower edge 162 of the filter eienuait 160 and the inmU 170 of the filter housmg 152. In 
this configuration* the filter clement 160 divides the filter 1 10 into outer and inner 
chambers 1 72 and 174. and fluid I1mv58 through the input passage ngjnio the outer 
chamber 1 72, through the filter element 1 60, into the inner chamber 1 74, through the 
one-vmy valve 127^ and dircugh the output passage 120. 

The tubidar filter e{c<ncnt 1 60 can have a variety of sizes and dunensions* For 
example, one possible range of diameters for the filter element 160 is from about 2 inches 
to about 40 inches. A pos.^ble range of heights for the filter element 160 i$fi^ 
tncfa« to about 40 inches. A pos^le range of fiuid flowcs^city for flic fihcr element 
1 60 is liom jdboot 0 gallons per minute to about 250 gallcms per minute. Howwer, the 
precise dimezi^ons and fluid Dow capachy for a filter element 160 will x-ary gieatly from 
applicatim to application. In a typical example such as the tractor discussed above, for 
example, ftc filter element 160 is about 4,75 inches in diameter^ is about 1 1 inches tall, 
and has a fluid flow rate from about 0 to about 45 gallons per miiuite. 

The piston 132 is formed from a magnet 176 positioned within a sleeve 178 and is 
sized to .slide along the Icnj^th of the pressure chamber 130, but still maintain a seal 
between the high-pressure portion 134 and the low-pressure portion 1 36. In one 
embodiment, the magncr } 76 is cylindrical and has a ccnlcriinc that is co-iinear with the 
centerlioe of the upper flufd or pressure chamber 130, In this embodiment, the magnetic 
field generated by the magnet 176 is symmetrical around the 
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centerlines of both the magnet 176 and the pressure chamber 130. However, other 
embodiments do not have a cylindrical magnet or a magnet having a centerline that 
is co-linear with the pressure chamber 130. 

One embodiment of the piston sleeve 178 is generally cylindrical in sh^e 
5 and conforms to the shape of the pressure chamber 130. A protrusion 180 extends 
from the end 182 of the sleeve 178 and into the high-pressure portion 134 of the 
pressure chamber 130. The diameter of the protrusion 1 80 is smaller than the 
diameter of the sleeve 178. This configuration prevents the sleeve 178 Scorn 
extending all the way to the first end of the pressure chamber 130 and sealing the 

10 . outlet portion of the first passage 148. In other words, the protrusion 1 80 holds open 
the high-pressure portion 134 of the pressure chamber 130 so that fluid can flow in 
from the first passage 148. 

One embodiment of the sleeve 1 78 is formed with a resin material such as 
nylon. One type of nylon material that can be used is "HYTREL" brand polyester 

15 elastomers, which is commercially available from E. L DuPont de Nemours and 
Company of Wilmington, Delaware. Other embodiments can include any other 
material that will stand up to fluids and allow the piston 132 to slide against the 
aluminum that forms the surface of the pressure chamber 130. 

A spring 184 extends between the piston 132 and the plug 142. The spring 

20 184 biases the piston 132 toward the first end 138 of the pressure chamber 130. The 
end of the spring 184 that engages the piston 132 extends into the sleeve 178 and 
rests against the magnet 176. The spring constant and the extension of the spring 
184 while in a relaxed state will vary depending on the desired sensitivity and range 
of the differential pressure gauge. 

25 In one embodiment, the piston 132 has a range of motion between about Vz 

inch to about 2 inches within the pressure chamber 130. In another embodiment, the 
range of motion for the piston 132 is between about % inch and about 1 Va inches. 
Yet another embodiment of the piston 132 has a range of motion of about 1 inch. 

In this configuration fluid, from the input passage 118 fills the high-pressure 

30 portion 134 of the pressure chamber 130 and the outer chamber 172 of the filter 1 10. 
Similarly, fluid in the outer chamber 172 of the filter 110 flows through the filter 
element 160 and into the iimer chamber 174 of the filter 110. From the inner 

s 
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chamber 174, the fluid flows into the low-pressure portion 136 of the pressure 
chamber 130 and through the output passage 120. 

As the filter element 160 becomes clogged, the fluid does not flow through it 
as easily and fluid pressure within the outer chamber 172 of the filter 110 increases. 
This increased pressure also causes the fluid pressure within the high-pressure 
portion 134 of the pressure chamber 130 to increase relative to the fluid pressure in 
the low-pressiu« chamber 136 of the pressure chamber 130. The increased fluid 
pressure drives the piston 132 against the spring 1 84 and causes it to move toward 
the second end 140 of the pressure chamber 130. 

Referring to Figures 2 and 4, a sensor chamber 186 is also formed in the 
filter head 1 12 and is perpendicular to the pressure chamber 130. The sensor 
chamber 186 has a first end 188 proximal to, but not in fluid commimication with, 
the pressure chamber 130. The sensor chamber 186 also has a second end 190 that is 
open. 

There is a thin, intermediate wall 192 formed firom non-ferrous aluminum 
between the sensor chamber 1 80 and the pressure chamber 130. One embodiment of 
the intermediate wall 192 has a thickness between about 1/16 inch and about 3/16 
inch. Other embodiments have a thickness of about 1/8 of an inch. 

A sensor assembly 194, together with the piston 132, spring 184, and 
pressure chamber 130 form a differential pressure gauge. The differential pressure 
gauge can detect a broad range of differential presswes. One embodiment is 
sensitive to a pressure range of about 2 differential pounds per square inch (pisd) to 
about 100 psid. Another embodiment is sensitive to a pressure range of about 7 psid 
to about 80 psid. 

The sensor assembly 194 includes a sensor plug 196 and is positioned snugly 
within the sensor chamber 1 86 so that it has minimal movement. The sensor plug 
196 has first and second ends 198 and 200. The sensor plug 196 is secured within 
the sensor chamber 130 with a nut 202 that is threaded to the filter head 1 12. 

A hall-effect sensor 204 is moimted to the end of the plug 196 and is 
positioned at the first end 188 of the sensor chamber 186. The plug 196 and surface 
of the sensor chamber 186 have a slot 206 and key 208 arrangement that properly 
orients that the hall-effect sensor 204. In another embodiment, the hall-effect sensor 
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204 is potted within the sensor chamber 186. That is, the hall-effect sensor is 
positioned against the intermediate wall 192 and the sensor chamber is then filled 
with a liquid that hardens and seals the hall-effect sensor 204 in place. The potting 
can be formed from a variety of materials. Examples include epoxies and urethanes 
5 that are not conductive to electricity. In this configuration, the sensor 204 is isolated 
from the pressure chamber 130 and hence isolated from the fluid. 

The hall-effect sensor 204 has a front surface 210 that is active or sensitive to 
magnetic fields and a rear surface 212. The rear surface 212 opposes the plug 196 
and the active, front surface 210 faces away fix>m the plug 196. In this 

10 configuration, the active surface 210 is positioned facing, and in close proximity to 
the intemiediate wall 192 that is between the pressure chamber 130 and the sensor 
chamber 186. In one embodiment, the active surface 210 of the sensor 204 lies 
against the intemiediate wall 192. The sensor 204 also has a lower surface 214, 
which faces downward toward the filter 110. 

15 One hall-effect sensor 204 that can be used is model no. UGN3235K, which 

is commercially available fiiom Allegro MicroSystems, Inc. of Worcester, MA. 
Referring to Figure 7, this hall-effect sensor 204 has four pins 205a-205d, one for a 
voltage supply 205a, one ground 205d, and two outputs 205b and 205c- Referring 
back to Figures 2 and 4, a four-wire cable 216 is connected to the four pins, extends 

20 througji the plug 1 96, through a hole 2 1 8 defined in the nut 202, and tenninates in an 
electrical comector 220. The connector 220 can be used to electrically connect the 
hall-effect sensor 204 to a variety of different analog or digital circuits such as 
warning lights or a variety of different programmable circuits such as a compute, a 
microprocessor, a microcontroller, or a programmable logic array. 

25 ' The first output of the hall-effect sensor 204 is in a normally low state and 

switches to a high state in response to detecting a threshold level of positive flux 
from the south pole of the piston magnet 176. The second output also is in a 
normally low state and switches to a high state in response to detecting a threshold 
level of positive flux fi:om the south pole of the magnet 176. 

30 A graph of the output for the UGN3235K hall-effect sensor is illustrated in 

Figure 5, when used in the embodiment described above. The graph illustrates the 
sensor output verses the displacement of the magnet in the piston. The displacement 

/o 



wo 01/06221 



PCT/USTM)/19466 



of the magnet 176 is 0.0 when the piston 132 is positioned against the first end 138 
of the pressure chamber 130. The first and second traces 222 and 224 illustrate the 
signal transmitted through the first and second outputs, respectively, when the 
voltage supply to the hall-effect sensor is 5 Volts. The third and fourth traces 226 
5 and 228 illustrate the signal transmitted through the first and second outputs, 
respectively, when the voltage supply to the hall-effect sensor is 8 Volts. 

Referring to Figures 5 and 6, the movement of the piston 132, and hence the 
magnet 176, is perpendicular to the hall-effect sensor 204. The flux lines 230 fix>m 
the magnet field generated by the magnet 176 flow finom the south pole 232 of the 

10 magnet 176 to the north pole 234. As the south pole 232 of the magnet 176 

approaches the hall-effect sensor 204, the magnetic flux 230 fi-om the south pole 
232, which is a positive flux, will flow through it in one direction. When the 
strength of the field to which the sensor 204 is exposed reaches a threshold level, the 
positive magnetic flux 230 causes the first output of the hall-effect sensor 204 to 

15 change from a low state to a high state. 

As the midpoint of the magnet 176 approached the hall-effect sensor 204, the 
magnetic flux 230 begin to run parallel to, or near parallel to the active face 210 hall- 
effect sensor 204. As a result, the magnetic flux 230 does not pass through the hall- 
eflect sensor 204, and the positive flux 230 to which the hall-effect sensor 204 is 

20 exposed falls below the threshold level. The first output then returns to a low state. 
As the north pole 234 of the magnet 176 approaches the hall-effect sensor 204, the 
magnetic flux 230 from the north pole 234, which is a negative flux, will flow 
through it in an opposite direction. When the strength of the field to which the 
sensor 204 is exposed reaches a threshold level, the negative magnetic flux causes 

25 the second output of the hall-effect sensor 204 to change fit>m a low state to a high 
state. 

Magnets of various strengths can be used. In one embodiment, the strength 
of the magnet has a range between about 200 gauss and about 800 gauss. In other 
CTibodiment, the magnet has a strength between about 400 gauss and about 800 
30 gauss. One type of magnet that can be used is an ALNIC08 magnet such as model 
number S8A632, which is commercially available from Arnold Magnet of Marango, 

// 
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niinois. One of many dimensions that can be used for the magnet 176 has a 
diameter of about 3/8 inch and a length of about 3/8 inch. 

In one embodiment, as shown in Figure 7, the outputs of the hall-effect 
sensor 204 drives a circuit that illuminates various LED*s. The circuit includes the 
5 dual output hall-effect sensor 204, a green LED 236, an amber LED 238, and a red 
LED 240. A power supply 242 provides 5 Volts D.C. As one skilled in the art will 
recognize, the power is supplied through a voltage regulator (not shown). An 
alternative embodiment can provide other power levels, such as 8 volts as discussed 
above. The power supply 242 also provides power to the hall-effect sensor 204, 

10 through the Vcc and groimd tenninals 205a and 205d. 

The cathodes of the three LED's 236, 238, and 240 are in direct electrical 
communication with groxmd. The anode of the green LED 236 is in electrical 
communication with positive terminal of the power supply 242. Thus the green 
LED 236 indicates that power is being supplied to the circuit, including the hall- 

15 effect sensor 204. The anode of the amber LED 238 is in electrical communication 
with the first output 205b of the hall-effect sensor 204. Similarly, the anode of the 
red LED 240 is in electrical commimication with the second output 205c of the hall- 
effect sensor 204. Depending on the voltage and cunent output by the power supply 
242 and the hall-effect sensor outputs 205b and 205c, other embodiments might 

20 include resistors connected in series with the LED anodes. 

In operation, the first and second outputs 205b and 205c of the hall-effect 
sensor 204 are normally low, which prevents the amber and red LED's 238 and 240 
fix>m illuminating. As pressure within the high-pressure portion 134 of the pressure 
chamber 130 increases and drives the piston 132 toward the hall-effect sensor 204. 

25 As south pole 232 of the magnet 1 76 approaches the hall-effect sensor 204, the flux 
will cause the hall-effect sensor 204 to jump to a high state. This action increases 
the voltage potential across the amber LED 238 and causes it to illuminate signaling 
that the filter element 160 is approaching its operating limits. 

As the filter element 160 continues to clog, the pressure in the high-pressure 

30 portion 134 of the pressure chamber 130 continues to increase and drive the north 
pole 234 of the magnet 176 toward the hall-effect sensor 204. As the midpoint of 
the magnet 176 approaches the midpoint of the hall-effect sensor 204, the magnetic 

1^ 
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flux 230 runs parallel to the sensor 204. As a result, the sensor 204 is not subject to 
either a substantial positive and negative flux and both outputs 205b and 205c of the 
sensor 204 return to a low state. Neither the amber nor the red LED's 238 or 240 are 
illuminated at this point. 
5 As the fluid pressure in the high-pressure portion 134 of the pressure 

chamber 130 continues to increase, the north pole 234 of the magnet 176 approaches 
the hall-effect sensor 204 and exposes the hall-effect sensor 204 to the flux. This 
flux causes the second output 205c of the hall-effect sensor 204 to jmnp to a high 
state and illuminate the red LED 240, which indicates that the filter element 160 has 
10 clogged or failed and is no longer adequately filtering the fluid. 

Travel of the magnet 176 is limited by the second end 140 of the pressure 
chamber 130 so that the north pole 234 of the magnet 176 will not travel past the 
hall-effect sensor 204 and the red LED 240 will not stop emitting light as pressiu-e 
within the high-pressure portion 134 of the pressure chamber 130 continues to build. 

In an alternative embodiment, the first and second outputs 205b and 205c 
fi-om the hall-effect sensor 204 are input to a programmable circuit such as a 
computer that is onboard a tractor, vehicle, or other machinery. In this scenario, the 
onboard computer detects the state changes from the first and second outputs 205b 
and 205c of the hall-effect sensor 204 and are programmed to perform certam tasks 
in response thereto. For example, the onboard computer might be programmed to 
control the illumination of warning lights, similar to those described above. The 
onboard computer might keep a log of how long an engine or other machinery has 
run with a filter that has failed. In yet another embodiment, the onboard computer 
might even be programmed to send a signal to an engine control module that causes 
the engine to shut down when the second ou^ut 205c of the hall-effect sensor 204 
changes states because the filter element 160 failed. The piograminable circuit 
might also communicate with other computers that are onboard a vehicle or control a 
machine. 

Figure 8 illustrates another alternative embodiment of a filter assembly, 
generally shown as 244. The filter assembly 244 is similar to the filter assembly 106 
described above and includes a filter 110 and a filter head 112 that defines an input 
passage 1 18, an output passage 120, an upper fluid chamber 130 that functions as a 
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pressure chamber, and first and second passages 148 and ISO. The filter head 1 12 
also has a pressure-relief valve 122, a one-way valve 127, an intermediate wall 192, 
a piston 132, a spring 184, and a plug 196 and sensor arrangement 204. The filter 
110 includes a filter housing 152 and a filter element 160 that divides the filter 
housing 152 into inner and outer chambers 174 and 172. 

Additionally, a housing 246 that contains electronics is mounted on the filter 
head 112 and replaces the sensor chamber. The hall-effect sensor 204 is mounted in 
the housing 246, and the active face 210 of the sensor 204 is positioned proximal to 
or against the intemiediate wall 192. The LED*s 236, 238, and 240, are mounted on 
the housing 246 so that they are visible to an operator. The filter assembly 244 also 
includes a four-wire cable 216 so that the hall-effect sensor 204, in addition to the 
LED*s, is in electrical communication with remote electronics or a computer. 

Figure 9 illustrates an alternative embodiment of a filt^ head 248 that has a 
differential pressure gauge with a linear sensor arrangement. The filter head 248 is 
similar to the filter head 112 described above in that it defines an input passage 1 1 8, 
an output passage 120, an upper fluid chamber 130 that functions as a pressure 
chamber, a fluid receiving portion 146 formed in the pressure chamber 130, and first 
and second passages 148 and 150. The filter head 248 also has a pressure-relief 
valve 122, a one-way valve 127, and an intemiediate wall 192. A piston 132 has a 
sleeve 178, a magnet 176, and a protrusion 180, and a spring 184 that biases the 
piston 132 toward the first end 138 of the pressure chamber 130. 

Additionally, a sensor housing 250 has first and second portions 252 and 254 
and first and second ends 256 and 258, respectively. The first end 256 is closed and 
the second end 258 is open. The first portion 252 has a smaller diameter than the 
second portion 254 and is threaded within the opening at the first end 256 of the 
pressure chamber 130. An o-ring 260 creates a seal between the pressiure chamber 
130 wall and the sensor housing 250. The sensor housing 250 is formed &om a non- 
ferrous material such as aluminum. 

The cylindrical sensor housing 250 defines a sensor chamber 262, and the 
first end 256 of the housing 250 forms an intermediate wall 264 between the 
pressure chamber 130 and the sensor chamber 262. One embodiment of the 
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intermediate wall 264 has a thickness between about 1/16 inch and about 3/16 inch. 
Other embodiment have a thickness of about 1/8 of an inch. 

A hall-eflfect sensor 266 has first and second faces 268 and 270. The first 
face 268 is active and is responsive to magnetic flux. The hall-effect sensor 266 is 
positioned in the sensor chamber 262 so that the first face 268 is against the 
intermediate wall 264. Additionally^ the center of the first, active face 268 is aligned 
with the centerlines of the magnet 176 and the pressure chamber 130. The hall- 
efifect sensor 266 is potted 267 within the sensor chamber 262 with an electrically 
non-conductive matoial such as an epoxy or a urethane. 

Given this arrangement, the hall-effect sensor 266 is linearly aligned with 
path of the piston 132 and hence the magnet 176. Furthermore, the magnet 176 is 
oriented in the sleeve 1 78 so that the south pole 232 of the magnet 1 76 faces the 
active surface 268 of the hall-effect sensor 266. The movement of the piston magnet 
176 relative to the hall-effect sensor 266 is illustrated in Figure 10. As the pressure 
within the high-pressiu-e portion 134 of the pressure chamber 130 increases, the 
piston 132, and hence the magnet 176, will move toward the hall-effect sensor 266. 
The voltage output from the hall-effect sensor 266 increases as the magnet 132 
moves toward the sensor 266 and the magnitude of the flux 230 to which the sensor 
266 is exposed increases. 

One hall-effect sensor 266 that can be used is model no. A3515LUA, which 
is also manufactured by Allegro MicroSystems, Inc. This hall-effect sensor 266 has 
three pins 272a-272c, one for a voltage supply 272a, one ground 272b, and one 
output 272c. A cable 274 is in electrical connection to the three pins 272a-272c, 
extends through the potting 267, and terminates in an electrical connector 276. The 
voltage output from the hall-effect sensor 266 is continuous and proportional to the 
strength of the magnetic flux to which it is exposed. The connector 276 can be used 
to electrically connect the hall-effect sensor 266 to a circuit such as warning lights or 
to a progranmiable circuit. 

A graph of the output for the A3515LUA hall-effect sensor, when used in the 
embodiment described above is illustrated in Figure II. The graph illustrates the 
sensor output verses the distance of the magnet fit>m the hall-effect sensor 266. The 
first trace 278 illustrates the voltage generated by the output when the voltage supply 
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is 8 volts. The second trace 280 illustrates the voltage generated by the output when 
the voltage supply is 5 volts. 

The hall-efTect sensor 266 also can be programmable. An example of such a 
programmable hall-eflfect sensor is the HAL800 Programmable Linear Hall-Effect 
sensor, which is commercially available from Micronas Intermetall GmbH of 
Freiburg, Germany. Several aspects of the output voltage range of the HAL800 hall- 
efiTect sensor can be adjusted. For example, the low and high voltage output levels 
can be adjusted. Using a programmable hall-effect sensor in this manner simplifies 
calibration of the differential pressure gauge during the manu&cturing process. The 
pressure chamber 130 can be loaded with a predetermined pressure differential and 
the hall-effect sensor 266 then can be programmed to output the correct, 
predetermined high and low output voltage. 

In an alternative embodiment, the hall-effect sensor 266 is mounted on the 
end of a plug similar to the plug 196 described above. In this embodiment, the plug 
and sensor 266 would be secured within the sensor chamber 262 with a nut, through 
which the cable 274 would extend. In yet another embodiment, the hall-effect 
sensor 266 and electrical connector 276 are insert molded. In other words, the hall- 
effect sensor 266 and connector 276 are molded into a single and unitary plastic 
housing that takes the place of sensor housing 250. This insert-molded unit then can 
be threaded into the second end 140 of the pressure chamber 130. The insert 
molding also can include electrical circuitry. Alternatively, the insert-molded unit 
can be plugged or snapped into the second end 140 of the pressure chamber 130. 

Many other embodiments of the filter head 248 are possible as well. In one 
such embodiment, for example, second end 140 of the pressure chamber 130 is 
sealed with a threaded plug similar to plug 142 or other sealing structure. A sensor 
cavity (not shown) is then defined in the outer surface of the filter head 248 at a 
location 141 adjacent to and opposing the first end 138 of the pressure chamber 130. 
In this embodiment, the sensor cavity is formed in the outer wall 1 39 of the filter 
head 248 but does not extend all the way through the filt^ head 248 and does not 
open to the pressure chamber 130. In another possible embodiment, a bracket (not 
shown) is fastened to the filter head 248 at the location 141 . The sensor housing 250 
is then fastened into the sensor chamber or to the bracket. The sensor housing 250 
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can be fastened to the sensor cavity or the bracket by threads or similar mechanism 
such as a snap-lock fitting. This embodiment may permit existing filter head 
designs to be manufactured with hall-effect sensors using minimal changes to 
tooling designs and may also permit existing filter heads to be retrofitted with hall- 
effect sensors 266. 

Figure 12 illustrates an alternative embodiment of a filter head 282 and 
differential pressure gauge housing, generally shown as 284. The filter head 282 is 
similar to the filter head 248 described above and defines an input passage 1 18, an 
ou^ut passage 120, an upper fluid chamber 130, a fluid receiving portion 146 
formed in the upper fluid chamber 130, and first and second passages 148 and 1S0« 
The filter head 282 also has a pressure-relief valve 122. 

Referring to Figures 13-15, the differential pressure gauge housing 284 has 
first and second portions 286 and 288. The first portion 286 has an outer diameter 
sized to slide into the upper fluid chamber 130 of the filter head 282. The outer 
diameter of the second portion 288 is greater than the outer diameter of the first 
portion 286. A radial shoulder 290 extends between the first and second portions 
286 and 288 of the differential pressure gauge housing 284. In one embodiment, the 
outer diameter of the first portion 286 of the differential pressure gauge housing 284 
ranges from about 0.4 inch to about 0.9 inch. Another embodiment has a diameter 
of about 0.6 inch. In another embodiment the length of the first portion 286 is 
between about 0.9 inch and about 3.5 inches. Another embodiment has a length of 
about 2.3 inches. 

A pressure chamber 292 is defined in the first portion 286 of the housing 
284, and a sensor chamber 294 is defined in the second portion 288 of the housing 
284. The pressure and sensor chambers 292 and 294 are generally cylindrical in 
shape and are axially aligned. The pressure chamber 292 has inner and outer ends 
296 and 298. The sensor chamber 294 also has inner and outer ends 300 and 302. 

An intermediate wall 304 is formed between the inner ends 296 and 300 of 
the pressure and sensor chambers 292 and 294, respectively. The surface 306 of the 
intermediate wall 304 that forms the inner end 296 of the pressure chamber 292 is 
generally concave in shape. In one embodiment, the thickness of the intennediate 
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wall 304 is between about 1/16 inch and about 3/16 inch. In another embodiment 
the thickness is about 1/8 inch. 

Threads 308 are formed in a portion 308 of the outer surface of the first 
portion 286 and extend fix>m the radial shoulder 290. The threads mate with threads 
5 formed on the inner surface of the upper fluid chamber 130 of the filter head 282. 
The length of the threaded portion 308 is shorter than the length of the fluid 
receiving portion 146 of the upper fluid chamber 130 in the housing 282. 
Additionally, a first linear groove 310 is formed in the outer surface of the housing 
284 and extends along the length of the threaded portion 308. The first groove 310 

1 0 is^eeper than the minor diameter of the threads. A second groove 3 1 2 is similarly 
- formed on the opposite side of the housing 284 fii-om the first groove 310. 

In one embodiment, a first hole 313 extends between the first groove 310 and 
the concave surface 306 of the intemiediate wall 304. A second hole 314 similarly 
extends between the second groove 312 and the concave surface 306 of the 

15 intermediate wall 304. The first and second holes 312 and 314 are as close to the 
inner end 296 of the pressure chamber 292 as possible. 

Returning to Figure 12, when the differential pressure gauge housing 284 is 
attached to the filter head 282, the second passage ISO is in fluid commimication 
with the first and second grooves 310 and 312. In this configuration, fluid flows 

20 from the second passage 1 SO, into the fluid receiving portion 146 of the upper fluid 
chamber 130, into the first and second grooves 310 and 312, through the first and 
second holes 313 and 314, and into a low-pressure portion 316 of the pressure 
chamber 292. In one embodiment, the outlet port of the second passage 150 is as 
close as possible to the first and second holes 313 and 3 14. In yet another 

25 embodiment, the outlet port of the second passage 150 is in direct fluid 
communication with the holes 313 and 314. 

A piston 3 1 8 is formed firom a sleeve 320 and a magnet 1 76 positioned 
within the sleeve 320. The piston 3 18 is positioned in the pressure chamber 292 and 
divides the pressure chamber 292 into a high-pressure portion 322 and the low- 

30 pressure portion 3 1 6. A spring 1 84 extends between the piston 318 and the 

intermediate wall 304 and biases the piston 318 toward the outer end 298 of the 
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pressure chamber 292. In one embodiment, the magnet 176 is generally cylindrical 
and has a centerline that is co-linear with the centerline of the pressure chamber 292. 

A plug 324 is threaded into the outer end 298 of the pressure chamber 292 of 
the housing 284. The plug 324 defines a fluid passage 326. Additionally, the sleeve 
320 has a closed end 327 that defines a concave surface. The concave surface 
opposes the fluid passage 326 in the plug 324 and provides a space to receive fluid. 

The length of the first portion 286 of the pressure differential gauge housing 
284 is sized so that when it is fiiUy inserted in the upper fluid chamber 130 of the 
filter head 282, there is a gap 328 between the plug 324 and the first end 138 of the 
upper fluid chamber 130. The first passage 148 is in fluid communication with the 
gap 328. In this configuration, fluid can flow fi:'om the first passage 148, through the 
fluid passage 326 in the plug 324, and into the high-pressure portion 322 of the 
pressure chamber 292. 

The housing 284 is threaded to the surface of the upper fluid chamber 130 
proximal to the second end 140 of the upper fluid chamber 130. A first o-ring 330 is 
adjacent the radial shoulder 290 and is positioned between the outer surface of the 
first portion 286 of the housing 284 and the inner siuface of the upper fluid chamber 
130. An second o-ring 332 rests in a groove 334 that is formed aroimd the 
circumference of the first portion 286 of the housing 284 and is positioned so that it 
is between the first and second passages 148 and 150 when the housing 284 is 
inserted into and engaging the upper fluid chamber 130 of the filter head 282. 

The sensor chamber 294 is similar to the sensor chamber 262 discussed 
above. A continuous output hall-effect sensor 266 is positioned within the sensor 
chamber 294 with the first, active face 268 opposing the intermediate wall 304. 
Additionally, the center of the fiirst face 268 is aligned with the centerline of the 
magnet 1 76 and the pressure chamber 292. The hall-effect sensor 266 is potted 267 
with an electrically non-conductive material such as an epoxy or urethane. This 
configuration isolates the hall-effect sensor 266 &om the pressure chamber 292 and 
the fluid. A cable 274 extends fi-om the sensor 266, through the potting 267, and 
terminates in an electrical connector 276. 

Figure 16 illustrates yet another alternative embodiment of a filter head 336, 
which is similar to the filter head 282. 
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The filter head 336 defines an mput passage 1 18, an output passage 120, and 
first and second passages 148 and 150. The filter head 336 defines an upper fluid 
chamber 338 similar to the upper fluid chambers 130 described above. However, a 
first end 340 of the upper fluid chamber 338 is open and a second end 342 of the 
upper fluid chamber 130 is closed. A fluid receiving portion 344 is proximal the 
first end 340 of the upper fluid chamber 338. 

A differential pressure gauge housing 284 includes pressure and sensor 
chambers 292 and 294, first and second portions 286 and 288, an intermediate wall 
304, a radial shoulder 290, and a threaded portion 308. The threaded portion 308 is 
threaded to mating threads formed in the inner siuiace of the upper fluid chamber 
338 of the mter head 336 and is sealed with o-rings 330 and 332. 

First and second grooves 3 10 and 312 are formed in the threaded portion 308 
of die differential pressure gauge housing 284. First and second holes 313 and 314 
pass fi-om the first and second grooves 310 and 312, respectively, to a concave 
surface 306 formed in an iimer end 296 of the pressure chamber 292. In one 
embodiment, the first and second holes 313 and 3 14 are positioned as close as 
possible to the inner end 296 of the pressure chamber 292. Additionally, the outlet 
of the first passage 148 is in fluid communication with the first and second grooves 
310 and 312. 

A plug 324 is threaded into the outer end 298 of the pressure chamber 292. 
The plug 324 defines a fluid passage 326. The length of the first portion 286 of the 
pressure differential gauge housing 284 is sized so that when it is fiilly inserted in 
the upper fluid chamber 338 of the filter head 336, there is a gap 346 between the 
plug 324 and the second end 342 of the upper fluid chamber 338. The second 
passage 150 is in fluid commimication with the gap 346. 

A piston 348 is fornied firom a sleeve 350 and a magnet 176 positioned 
within the sleeve 350. The piston 348 has first end 352 foraied by a flat wall. In 
one embodiment, the flat wall forming the first end 352 is between about 0.08 inch 
and about 0.25 inch. In another embodiment, the flat wall about 0.12 inch thick. A 
spring 1 84 extends between a second end 356 of the piston 348 and the outer end 
298 of the pressure chamber 292. The spring 1 84 urges the piston 348 and the 
magnet 1 76 toward the intermediate wall 304. 
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The piston 348 divides the pressure chamber 292 into a high-pressure portion 
322 and a low-pressure portion 316. In this configuration, fluid flows fix>m the first 



passage 148, into the fluid receiving portion 146 of the upper fluid chamber 130, 
into the first and second grooves 310 and 312, through the first and second holes 313 
5 and 314, and into the high-pressure portion 322 of the pressure chamber 292. In one 
embodiment, the outlet port of the first passage 148 is as close as possible to the first 
and second holes 313 and 314. In yet another embodiment, the outlet port is in 
direct fluid communication with at least one of the holes 313 and 314. Similarly, 
fluid fix>m the second passage 180 flows into the gap 346, through the fluid passage 
10 326 in the plug 324, and into the low-pressure portion 316 of the pressure chamber 



The sensor chamber 294 is similar to the sensor chamber 262 discussed 
above. A continuous output hall-effect sensor 266 is positioned within the sensor 
chamber 294 with the first, active face 268 opposing the intermediate wall 304. 
15 Additionally, the center of the first, active face 268 is aligned with the centerline of 
the magnet 176 and the pressure chamber 292. The hall-effect sensor 266 is potted 
267 with an electrically non-conductive material such as an epoxy or urethane. This 
configuration isolates the hall-effect sensor 266 fiiom the pressure chamber 292 and 
the fluid. A three wire cable 274 extends fix>m the sensor 266, through the potting 
20 267, and terminates in an electrical connector 276.^ 

Referring to Figure 17, the motion of the piston magnet 176 is reversed 
relative to the motion of the magnet 1 76 illustrated in Figure 1 0. When there is no 
pressure differential, the magnet 176 is close to the hall-effect sensor 266. As the 
difiTerential pressure increases, the fluid pressure in the high-pressure portion 322 of 
the pressure chamber 292 drives the piston 348, and hence the magnet 176 away 
fi*om the sensor 266. 

Similar to the hall-effect sensor 204, the output of the hall-effect sensor 266 
can drive a variety of different analog or digital circuits or provide input for a variety 
of different programmable circuits. In one embodiment, as shown in Figure 18, for 
example, the output of the hall-effect sensor 266 drives a circuit that that generates at 
least one discrete output. The exemplary circuit has an input 354, a first op amp 
356, and a second op amp 358. The input 354 is in electrical communication with 



292. 
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the ou^ut of the hall-efiTect sensor 266. The ixspnt is also in electrical 
communication with the noninverting input of the first op amp 356 via a 10 kQ 
resistor and is in electrical communication with the noninverting input of the second 
op amp 358 via a lOkQ resistor. 
5 The inverting input of the first op amp 356 is tied to a 5 volt power supply 

via a L5 kQ resistor and to groimd via a 3.5 kQ resistor. The inverting input of the 
second op amp 358 is tied to a 5 volt power supply via a 750 Q resistor and to 
ground via a 4.25 kQ resistor. Additionally, the noninverting input and the output of 
the first op amp 356 are tied together with a 1 MQ resistor, and the noninverting 

10 input and output of the second op amp 358 are tied together with a 1 MQ resistor. 

In this circuit, the first op amp 356 is in a normally low state, but jumps to a 
high state of 5 volts when the voltage of the signal output by the hall-effect sensor 
266 reaches 3.5 volts. The second op amp 358 is also in a normally low state, but 
jumps to a high state of 5 volts when the voltage of the signal output by the hall- 

15 effect sensor 266 reaches 4.25 volts. Each op amp 356 and 358 provides a discrete 
output that correlates or corresponds to a differential pressure and is indicative of the 
condition of a filter. In use, when the filter element 160 is reaching the end of its 
useful life, the output of the first op amp 356 will change fi*om a low state to a high 
state. When the filter element 160 fails or has reached the end of its useful life, the 

20 output of the second op amp 358 will change states fix>m a low state to a high state. 
In other embodiments, the circuit includes only a single op amp, which would 
provide information regarding one diff^ential pressure. Alternatively, the circuit 
could include more than two op amps, which would provide information about more 
than two differential pressures. 

25 The ou^ut of the first and second op amps 356 and 358 can input into a 

programmable circuit such as a computer or an engine control module that controls 
the machine, activates an alarm, and/or records data. Alternatively, the outputs of 
the first and second op amps 356 and 358 can drive amber and red LED*s 360 and 
362, respectively, which provide visual warning Ughts. 

30 Figure 19 illustrates another circuit that can process the signal ou^ut by the 

continuous output hall-effect sensor 266. This circuit includes an attenuator 364, a 
low-pass filter 366, an analog-to-digital (A/D) converter 368, and a microcontroller 
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370. The A/D converter 368 can be multiplexed between two inputs 372 and 374. 
The microcontroller 370 includes input circuitry 376, output circuitry 378, 
processing circuitry 380, and memory 382. The memory 382 is loaded with lookup 
tables 384 and a lookup table routine 386. 
5 During operation of the programmable circuit, the output signal generated by 

the hall-effect sensor 266 is passed through the attenuator 364 to attenuate or scale 
the voltage of the signal so that its maximum value is between 0 and 5 volts. The 
signal is then filtered 366, which reduces any oscillations or spikes in the signal. 
Oscillations and spikes in the signal can result fix>m rapid movmient in the piston 

10 caused by sudden movement in, or impacts to, the filter assembly. Additional 
filtering can be performed in software executed by the microcontroller 370. The 
filtered signal is input into the first input 372 of the A/D converter 368. 

The voltage of the power supply for hall-effect sensor is input into the 
second input 374 of the A/D converter 368. The output of the A/D converter 368 is 

15 then input into the microcontroller 370. In one embodiment, additional inputs into 
the microcontroller 370 include a binary code or digital word that identifies the 
sensor type 388 and a binary code or digital word that sets an alarm threshold 390. 
A variety of stmctures can be used to input the sensor type and alarm threshold. 
Examples of ii^uts include dip switches and jumpers. In another embodiment, the 

20 identity of the sensor and the alarm threshold also can be downloaded into the 
microcontroller 370 electronically and stored in memory 382. 

Additionally, there might be a variety of alarm threshold values stored in 
memory 382 and used by the lookup table routine 386. For example, one alarm 
threshold might correspond to a warning that signals the filter element 160 is 

25 approaching the end of its useful life and should be changed. Another alarm 
threshold might correspond to a failure of the filter element 160. Other 
embodiments include other inputs or no inputs at all. For example, a microcontroller 
programmed to interface with only one particular type of sensor does not need an 
input that identifies the sensor. 

30 The microcontroller 370 has several outputs including an alarm output 392 

and a serial output 394. The alarm output 392 is configured to send an alarm signal. 
In one possible, embodiment, the alarm signal will cause a warning light to 

^3 
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illuminate. The serial output 394 is configured to conununicate a signal to other 
progranunable devices such as a computer or an engine control module for vehicles. 
Exan^>les of other computers include an onboard computer for vehicles and a 
computer controller for manufacturing equipment. Additionally, these other 
5 computers can perfomi a variety of functions such as diagnostics, collection and 
recordation of data, the generation of alarm conditions, or even disabling an engine 
or a pump. 

Communication through the serial output 394 can be over a dedicated link, a 
data bus, or radio frequency (Rf) transmission* Furtheraiore, other embodiments 

10 include programmable circuits such as microprocessors or programmable logic 
arrays in place of the microcontroller. 

In yet other embodiments, the memory 382 of the microcontroller 370 is 
used to store data as well as look up tables 384 and code for the lookup table routine 
386. For example, various alarm conditions and the value of various sensor outputs 

15 might be recorded in memory 382 and downloaded at a later time. In another 

example, circuitry different than that illustrated in Figvure 18 is used to condition the 
sensor signal before it is input in the microcontroller. 

Referring to Figures 20A and 20B, two sets of lookup tables 396a and 396b 
are stored in mCTiory. The first set of lookup tables includes a plurality of tables. 

20 Each table 384a relates a sensor ou^ut voltage to the distance between the sensor 
and the piston magnet for a given sensor type and a given voltage supply. An 
advantage of having a plurality of tables is that both the sensitivity of a sensor and 
signal strength of a sensor*s output will vary on the sensor's make, model, and supply 
voltage. As a result, a single microcontroller can be used with a variety of different 

25 sensors, which simplifies manufacturing and inventory requirements. 

Each table 384a within the first set of lookup tables 396a include a two 
column array of data that correlates the sensor output voltages to the displacement of 
the piston in the pressure chamber. Each column includes data words that range 
from word(O) to word(N), and are ordered such that word(I+l)>word(I). A first 

30 pointer PO points to data in the first column of the table in the first set of tables, and 
a second pointer PI points to data in the second column of the first set of tables. 
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The second set of tables 396b includes a single table 384b that relates the 
differential^ressure to the distance between the sensor and the piston magnet. Only 
a single table 384b is required because the relationship between the differential 
pressure and the piston of the piston magnet does not depend on the type of hall- 
5 effect sensor that is used. In an alternative embodiment, however, the second set of 
tables can include multiple sets of tables if a single microcontroller is used with 
different differential pressure gauges. 

The second table 384b also is a two column amiy of data that correlates the 
displacement of the piston in the pressure chamber to the actual pressure differential. 
Each coliunn includes data word that range from word(0) to wonl(N), and are 
ordered such that word(I+l)>word(I). A third pointer P2 points to data in the first 
column of the table in the second set of tables, and a fourth pointer P3 points to data 
in the second column of the second set of tables. 

Many altemative embodiments of the tables are possible. For example, a 
microcontroller that has a design dedicated to a single sensor can include a single 
lookup table that relates sensor output voltage to pressure. Yet other embodiments 
might calculate the differential pressure from the sensor output and not include any 
lookup tables. Yet other embodiments might merely record data or set alarm 
conditions without determining differential pressures. 

Figures 21 A-21F illustrate the operation of the lookup table routine. 
Generally, programmed operations perform a particular task. Operation 398 reads 
the sensor type 388 from the binary input code, and operation 400 outputs a signal to 
the A/D converter 368 that selects the second input 374. The A/D converter 368 
then converts the sensor's supply voltage and inputs the digital word corresponding 
to that voltage into the microcontroller 370. Operation 402 selects the table 384a 
from the first set of tables 396a that corresponds to that sensor and supply voltage. 
Operation 404 then sets pointer PO to the start of the first column in the first table 
384a and outputs another signal to the A/D converter 368 that selects the first input 
372, which corresponds to the signal output Srom the hall-effect sensor. The A/D 
converter 368 then converts the signal output from the sensor. Operation 406 reads 
the digital word output by the A/D converter 368 that corresponds to the sensor 
output. 

9S 
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Hall-effect sensors typically output a signal having a nominal value even 
when they are not exposed to a magnetic signal* Accordingly, operation 408 
detemiines whether the value of the sensor output is below the typical nominal 
value. If the signal is below the nominal value, operations 410 and 412 generate an 
error signal and output the error signal. The computer or engine control module that 
interfaces with the microcontroller 370 then receives the signal and takes appropriate 
steps such as activating a warning signal or disabling an engine. 

If the signal output by the hall-effect sensor is equal to or greater than the 
nominal output level, operation 412 sets pointer PI to the start of the second column, 
which corresponds to sensor distance. Operations 41 6-420 increment pointers PO 
and PI until the value of the digital word at pointer PO equals the value of the digital 
word received from the A/D converter 368. These operations also ensure that 
pointers PO and PI are aligned. Operation 422 sets the value of a variable distance 
equal to the value pointed to by pointer PI . 

Operations 423 and 425 set pointers P2 and P3 to start of the distance 
column and the pressure column, respectively, in the second table 384b. Operations 
426-430 then align and increment pointers P2 and P3 until the value at pointer P3 
equals is greater than the value of the variable distance. Operation 423 fhea sets the 
value of a variable D(I+1) equal to the value at pointer P3, and operation 20 sets the 
value of the variable P(I+1) equal to the value at pointer P4. 

After the value of variable D(I+1) is set, operation 436 decrements the 
pointer P3 so that it points to the next lower distance in the distance column. 
Similarly, operation 438 decrements the pointer P4 so that it points to the next lower 
pressure in the distance column. After the pointers P3 and P4 are decrements, 
operation 440 then sets the value of variable D(I) to equal the value in the table at 
pointer P3. Similarly, operation 442 sets the value of variable P(I) to equal the value 
in the table at pointer P4- After the value of the variables are set, operation 444 uses 
a linear interpolation to calculate the pressure. The equation used in the 
interpolation is: 

PRESSURE={[Pa+l>P(I)]/[Da+l)-D(I)]}*{DISTANCE-D(I)}+P(I). 
In one embodiment, operation 446 then communicates the calculated value 
ofPRESSURE over the serial bus to a computer, which records the data for 
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historical and diagnostic purposes. Alternatively, the value of the variable 
PRESSURE is locally stored in the memory of the microcontroller so that it can be 
downloaded at a latter tiine. Additionally, operations 448 and 450 read the alarm 

threshold 390 and compare it to the value of the variable PRESSURE. If the value 



operations 452 and 454 generate and output an alarm signal 392. The alarm signal 
392 then activates an alarm such as a v/aming lamp. 

Many different embodiments of the lookup table routine 386 are also 
possible. For example, one embodiment does not use interpolation to determine the 

10 pressure. In this embodiment, every digital word in the second colunm of the first 
table has a matching value in the first column of the second table. The lookup table 
routine 386 merely indexes the third and fourth pointers P3 and P4 until the value at 
P3 matches the value at the second pointer P2. The measured differential pressure is 
the corresponding differential pressure at the pointer P4. 

15 The various embodiments described herein are exemplary only, and many 

different embodiment are possible. For example, the differential pressure gauge can 
use any other stracture other than a piston to gauge the pressure differential. 
Examples of such other stmctures include membranes and diaphragms. The 
differential pressure gauge described herein can also be used with filters that are 

20 adapted for back flow trough the filter element 

Additionally, any other sensor or measurement device that measures the 
displacement of a gauging stmcture and outputs an electrical signal can be used in 
place of a hall-effect sensor. For example, other types of sensors that can be used 
with a pressure differential gauge includes sensors made with gigantic 

25 magnetoresistive (GMR) materials. Yet other embodiments might include a 

completely electronic arrangement for measuring the pressure differential across a 
filter element and output a variable signal. Electrical signals can include any signal 
that can be detected and processed by another piece of equipment such as electrical 
signals, radio fi-equency signals, and light signals. 

30 Additionally, other embodiments of the hall-effects sensors can be used. For 

example, one embodiment uses two single output hall-effect sensors, one responsive 
to positive flux and the other responsive to negative flux. The two hall-effect then 



5 of the variable PRESSURE is equal to or greater than the alarm threshold 390, 
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10 



15 



can be spaced along the path of the magnet to eliminate the dead zone in the 
response of the dual output hall-effect sensor described above. Another example of 
an alternative hall-effect sensor is a programmable-type of hall-effect sensor that can 
be programmed or calibrated to output a certain voltage given a particular relative 
position of a magnet. An advantage of such a device is accuracy, the programming 
can account for spring variations, magnet variations, and sensor orientation. An 
example of such a progranmiable hall-effect sensor is model no. A3 ISO, which is a 
prototype being developed by Allegro MicroSystems. 

Furthemiore, embodiments having a perpendicular sensor arrangement as 
described above are not limited to only hall-effect sensors having a discrete output. 
Similarly, embodiments having a parallel sensor arrangement as described above are 
not limited to only hall-effect sensors having a continuous output. Still other 
embodiments of the hall-effect sensors described above are possible. For example, 
other embodiment might use a hall-effect sensor that has a normally high output. An 
advantage of this structure is that any computer that interfaces v^th the hall-effect 
sensor can more easily determine that there is a sensor failure when fluid is not 
flowing by merely checking the sensor output. 

The foregoing description of various embodiments has been presented for 
purposes of illustration and description, and is not intended to be exhaustive or to 
limit the invention to the precise form disclosed. It is intended that the scope of the 
invention not be limited by the specification, but defined by the claims set forth 
below: 
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The Claimed Invention 1$: 

1. An apparatus for measuring the di£ferential pressure of fluid in filter, the 
£q>paratus comprising: 



(b) a differential pressure gauge dividing the pressure chamber into first 
and second chambers, the differential pressure gauge arranged to 
measure a differential pressure between the first chamber and the 
second chamber, the differential pressure gauge having an output. 

2. The s^paratus of claim 1 wherein: 

(a) the differential pressure gauge includes a piston positioned widiin the 
pressure chamber; and 

(b) the piston moves within the pressure chamb^ when the pressure 
differential changes 

3* The apparatus of claim 2 wherein: 

(a) the piston includes a magnet, the magnet emitting a magnet field; and 

(b) the differential pressure gauge includes a hall-efifect sensor position to 



4. The s^paratus of claim a wherein the hall-effect sensor is isolated firom the first 
and second chambers. 

5. The apparatus of claim 3 wherein the variable output comprises: 

(a) a first signal correlating to a first differential pressure; and 

(b) a second signal correlating to a second differential pressure. 

6. The s^paratus of claim 3 wherein: 

(a) the variable ou^ut includes a variable signal; and 

(b) the value of the signal correlates to the value of the differential 
pressure between the first and second chambers. 



(a) 



a housing defining a pressure chamber, and 



detect the magnet field emitted Gcom the magnet. 
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7. The apparatus of claim 3 wherein the variable output includes a signal. 

8. The apparatus of claim 1 further comprising a filter in fluid communication with 
the pressure chamber. 

9. The apparatus of claim 8 wherein the filter is a liquid filter. 

10. An i^paratus for measuring the differential pressure of fluid in filter, the 
apparatus comprising: 

(a) a housing defining a pressing chamber; 

(b) a gauge member dividing the chamber into first and second 
chambers; and 

(c) a sensor having an electrical output, the sensor anranged to detect the 
gauge member and output an electrical signal in response to detection 
of the gauge member. 

11. The apparatus of claim 10 wherein the sensor is a hall-effect sensor. 

12. The ^paratus of claim 1 1 wherein the hall-effect sensor is programmable. 

13. The apparatus of claim 1 1 wherein the sensor is isolated &om the first and 
second chambers. 

14. The ^paratus of claim 1 1 wherein: 

(a) the gauge member measures a differential pressure between the first 
and second chambers; and 

(b) the hall-effect sensor outputs: 

(i) a first signal correlating to a first differential pressure; and 



(ii) 



a second signal correlating to a second differential pressure. 
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IS. The apparatus of claim 14 wherein: 

(a) the gauge member includes a magnet; and 

(b) the magnet moves when the pressure differential changes and the 
hall-effect sensor outputs: 



16. The apparatus of claim 1 1 wherein: 

(a) the gauge member measures a differential pressure between the fist 
and second chambers; and 

(b) the hall-effect sensor outputs a variable signal, a level of the variable 
signal correlating to the value of the differential pressure between the 
first and second chambers. 

17. The apparatus of claim 16 wherein: 

(a) the gauge member includes a magnet and the magnet moves when the 
pressure differential changes; and 

(b) the level of the variable signal correlating to the position of the 
magnet 

18. The apparatus of claim 1 1 wherein: 

(a) the gauge member measures a differential pressure between the fist 
and second chambers; and 

(b) the hall-effect sensor outputs a signal. 

19. The apparatus of claim 1 1 further comprising a filter in fluid communication 
with the pressure chamber. 

20. The apparatus of claim 19 wherein the filter is a liquid filter. 



(i) the first signal when the magnet is in a first position; and 

(ii) the second signal when the magnet is in a second position. 
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21 • A method of measuring differential pressure in a filter head, the method 



(a) inputting fluid into first and second chambers; 

(b) creating the differential fluid pressure between the fluid in the first 
chamber and fluid in the second chamber; and 

(c) outputing a variable output in response to creation of the differential 
fluid pressure, the variable output indicative of at least two 
predetermined differential pressiu^. 

22. The method of claim 21 wherein: 

(a) the filter head includes a magnet and a hall-e£fect sensor, and 

(b) the variable output is a signal generated by the hall-effect sensor in 
re^^onse to detecting a magnetic field firom the magnet. 

23. The method of claim 22 wherein: 

(a) generating the variable output further comprises generating a variable 
signal; and 

(b) the level of the variable signal correlates to the dififa:ential pressure. 

24. The meAod of claim 21 who-ein the fluid is a liquid. 

25. The method of claim 21 wherein the filter head defines a fluid chamber and a 
differential pressure gauge engages the fluid chamber, the method further 
comprising: 

(a) removing the differential pressure gauge &om the fluid chamber; and 

(b) positioning a new differential pressure gauge in fluid chamber. 



compnsmg: 
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